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I. INTRODUCTION
Very recently the LHCb Collaboration has reported on the discovery of the double charm state Ξ ++ cc [1] found in the invariant mass spectrum of the final state particles (Λ + c K − π + π + ) where the Λ + c baryon was reconstructed in the decay mode pK − π + . The mass of the new state was given as 3621.40±0.72±0.27±0.14 MeV. The central value of the extracted mass is very close to the 3610 MeV value predicted in Ref. [2] in the framework of the one gluon exchange model of de Rujula, Georgi and Glashow [3] which features a Breit-Fermi spin-spin interaction term. It is noteworthy that Ebert et al. predicted a mass of 3620 MeV for the Ξ ++ cc using a relativistic quark-diquark potential model [4] . We interprete the new double charm baryon state found in the (Λ + c K − π + π + ) mass distribution as being at the origin of the decay chain Ξ
. This decay chain is favored from an experimental point of view since the branching ratios of the daughter particle decays Σ
+ are large (∼ 100 % and, from isospin invariance, ∼ 66 %, respectively).
The nonleptonic decay Ξ ++ cc → Σ ++ c +K * 0 belongs to a class of decays where the quark flavor composition is such that the decay proceeds solely via the factorizing contribution precluding a contamination from internal W -exchange. We use the covariant confined quark model previously proposed and developed by us to calculate the four helicity amplitudes that describe the dynamics of the transition Ξ
induced by the effective (c → u) current. We then proceed to calculate the rate of the decay as well as the polarization of the Σ ++ c and Λ + c baryons and the longitudinal/transverse composition of theK * 0 . The nontrivial helicity composition of theK * 0 leads to a nontrivial angular decay distribution in terms of the polar angle θ V formed by the direction of the K − in theK * 0 rest system and the original flight direction of theK * 0 . Double heavy baryon decays and their magnetic moments were treated by us before in Refs. [5] where we performed a comprehensive study of the semileptonic and radiative decays of double heavy baryons using a covariant quark model. The version of the covariant quark model used in Ref. [5] has recently been improved by incorporating quark confinement in an effective way [6] . For the calculation of the relevant transition Ξ
in this paper we use the improved model which we dub the covariant confined quark model (CCQM). The physics of double heavy charm and bottom baryons (mass spectrum and decay properties) has been studied before in a number of papers [7] - [18] .
II. MATRIX ELEMENTS, HELICITY AMPLITUDES AND RATE EXPRESSIONS
The matrix element of the exclusive decay
In the present case
974642. For the effective current strength we use the large N c limit of the relevant effective current combination C eff = C 2 + 1/N c · C 1 to write C eff = −0.565 [19] . The large N c limit has also been used to successfully describe the nonleptonic decays Λ 
+K
* 0 which proceed solely via the factorizing contribution (also called internal W -emission) in Refs. [20, 21] . The leptonic decay constant is denoted by f V . The Dirac string
where σ µν = (i/2)(γ µ γ ν − γ ν γ µ ) and all γ-matrices are defined as in Bjorken-Drell. Here we drop F V /A 3 (q 2 ) form factors, which do not contribute to the decay B 1 → B 2 + V due to the vector current conservation.
Next we express the vector and axial vector helicity amplitudes H We need to calculate the expression
where we split the helicity amplitudes into their vector and axial parts. We shall work in the rest frame of the baryon B 1 with the baryon B 2 moving in the positive z-direction:
The helicities of the B 1 , B 2 , and V are related by λ 1 = λ 2 − λ V leading to the angular momentum restriction
The remaining helicity amplitudes are given by the parity relations H V −λ2,−λV = +H V λ2,λV , and
. The decay width is given by
where we introduce the following combinations of helicity amplitudes
After having set up the spin-kinematical framework of the problem we now turn to the dynamics of the decay process Ξ [5, 20] 
Differing from the calculations in [10, 17] , which use a quark-diquark picture, we treat each of the three constituent quarks as separate dynamic entities. . In the following discussion we will indicate the dependence of our results on the choice of Λ Ξ ++ cc in the interval 0.5 − 1 GeV in the form A ± ∆A. The leptonic decay constants f K * = 212 MeV and f K = 161.3 MeV evaluated in our approach are in good agreement with data: f K * = (217 ± 7) MeV and f K = (156.1 ± 0.8) MeV [24] .
Let us now list our numerical results for the four helicity amplitudes. They are
For the sum of the moduli squared of the helicity amplitudes one obtains
which leads to the partial decay width
We have also analyzed the decay Ξ ++ cc → Σ ++ c +K 0 using the same dynamics as for the decay Ξ
TheK * 0 mode is about four times stronger than the one including theK 0 . In order to convert the partial rate into a branching ratio one would need the total width or, equivalently, the lifetime value of the Ξ ++ cc . Neither of these are known experimentally. There have been several attempts to calculate the lifetime of the Ξ ++ cc based on the optical theorem for the inclusive decay width combined with the Operator Product Expansion for the transition currents together with a heavy quark mass expansion. The results are in the range of 430 fs − 670 fs [8, 13] . As a median value we take τ Ξ ++ cc = 500 fs. For the branching ratios we obtain
500 fs · (2.5 ± 0.5) % .
III. POLARIZATION, LONGITUDINAL/TRANSVERSE HELICITY FRACTION AND ANGULAR DECAY DISTRIBUTIONS
We treat the decaying Ξ ++ cc as being unpolarized. In principle, the Ξ ++ cc could acquire a nonzero transverse polarization in the hadronic production process. However, since one is averaging over the rapidities of the production process the Ξ ++ cc is effectively unpolarized (for more details see [22] ). The baryon-side decay Σ 
where B(K * 0 → K − π + ) = 2/3 is the branching ratio of the decayK * 0 → K − π + . The angular decay distribution (13) involves the helicity fractions of theK * 0 defined by
This has to be compared to the unpolarized case F L = 1/3 and F T = 2/3 which is e.g. realized at the zero recoil point 
When averaged over cos θ V (one has to integrate the numerator and denominator separately) one has
As mentioned before the polarization of the Σ ++ c
is not measurable in its strong decays. However, the Σ 
where θ B is the angle between the direction of the Λ given by
In principle, the polarization of the Λ + c can be analyzed in its weak decay Λ + c → pK − π + . For example, one could attempt to measure nonvanishing values of the expectation value cos θ i where θ i is the polar angle between the polarization direction of the Λ + c and either one of the three decay particles (i = p, K + , π − ) or the normal of the decay plain (see an exemplary analysis of a weak (1 → 3)-particle decay in e.g. [25] ). To our knowledge the weak decay Λ + c → pK − π + has not been completely calculated yet except for an analysis of the subchannels Λ + c → pK * 0 and Λ
IV. SUMMARY AND CONCLUSION
We have discussed in some detail the possibility that the new double charm state found in the invariant mass distribution of (Λ
. The hypothesis can be tested experimentally by looking at the decay distributions of the particles involved in the cascade decay. For once one can check whether there are significant peaks at the Σ ++ c andK * 0 masses in the (Λ + c π + ) and (K − π + ) invariant mass distributions, respectively. If there is a significant continuum background one would have to place relevant cuts on the invariant mass distribution to obtain the appropriate cascade decay channels discussed in this paper. One can then go on and check on the angular decay distributions in the respective cascade decays which have been written down in this paper. We have also discussed the decay Ξ 
+K
* 0 (K 0 ) in that they are solely contributed to by the factorizing (or tree graph) contribution. A possible W -exchange contribution (color commensurate "C" in the terminology of [27] ) is forbidden by the Körner, Pati, Woo theorem [28] . The calculation of the above rates proceeds in the same way as the calculation in this paper and will be the subject of a future publication [29] .
